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[BRAKE ASSEMBLY WITH 
TUNED MASS DAMPER] 

Background of Invention 

[0001 ] Field of the Invention 

[0002] The present invention relates to a brake assembly with noise damping and, more 
particularly, to a brake assembly including a tuned mass damper located inside of a 
hole formed in a brake component such as a backplate. 

[0003] Background of the Invention 

[0004] In disc brake assemblies, a rotor rotates with the axle of a wheel to be braked and 
two friction pad structures are disposed on opposite sides of the rotor. Each friction 
pad structure comprises a brake pad mounted to a backplate, usually made of steel. 
The friction pad structures are moved inwardly, toward one another, under the force 
applied by a hydraulically-actuated piston and related caliper fingers of a caliper 
mounting structure. When the hydraulic force is released, the pad structures are 
moved outwardly, away from one another, by return springs. 

[0005] When the pistons and caliper fingers press the backplates inwardly, the inner 

surfaces of the brake pads are engaged in frictional, braking contact with the rotor. A 
relatively high pitched and undesired brake squeal noise can be produced during such 
braking engagement of the pads on the rotor. The brake squeal noise is produced by 
vibration of the friction pad structures during braking actuation. 

[0006] To rec j uce the undesired brake squeal noise, it is known to use sound-dampening 
shims positioned both between the hydraulically-actuated piston and the piston 
engaging surface of the related steel backplate, and also between the caliper fingers 
and the caliper contact surface of the related steel backplate. One such shim structure 
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is shown in U.S. Patent No. 5,51 8,088. 

[0007] It has also been proposed to attach a sheet metal plate to the backplate, the sheet 
metal plate having a groove cut therethrough to form tuning fork members of varying 
length. A damping material is applied to the tuning fork members, and the lengths of 
the members vary in order to damp particular frequencies of vibrations. See U.S. 
Patent No. 6,283,258, assigned to the assignee of the present application. 

[0008] It is desirable to provide an improved apparatus for sound-dampening brake 

squeal noise in which the brake squeal noise is reduced, and a variety of brake squeal 
frequencies may be absorbed. 

Summary of Invention 

[0009] The present invention provides an improved apparatus for sound-dampening 
brake squeal noise by providing a brake component having a tuned mass damper 
located within a hole formed in the component. The location of the hole and the 
weight and geometry of the tuned mass damper may be adjusted to provide effective 
damping for the particular frequencies that are to be eliminated in the brake system. 
Locating the tuned mass damper inside of a hole in the component has packaging and 
manufacturing advantages, and results in a tuned mass damper that is less 
susceptible to damage when in use. 

[001 0] In the preferred embodiment of the invention, the brake component is a backplate 
attached to a brake pad that applies braking force to a disk brake rotor. The hole is 
blind and a thinned section of the backplate forms a bottom of the hole. The tuned 
mass damper may be attached directly to the bottom such that deflection of the 
bottom permits the vibration damping mass to oscillate relative to the backplate. In a 
second embodiment, the vibration damping mass may be attached to the bottom by a 
column, and deflection of the column permits the vibration damping mass to oscillate 
relative to the backplate. 

[001 1 ] In a third embodiment of the invention, the vibration damping mass is attached to 
a side wall of the hole by a beam, and deflection of the beam permits the vibration 
damping mass to oscillate relative to the backplate. 
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[001 2] In a fourth embodiment of the invention, the tuned mass damper is a module 
adapted for insertion into the hole in the brake backplate. Contact between the 
module and inner surfaces of the hole transfers mechanical vibration of the backplate 
to the tuned mass damper. 

[001 3] The above object and other objects, features, and advantages of the present 
invention are readily apparent from the following detailed description of the best 
mode for carrying out the invention when taken in connection with the accompanying 
drawings. 

Brief Description of Drawings 

[001 4] Figure 1 is an exploded perspective view of a brake assembly in accordance with a 
first embodiment of the invention; 

[001 5] Figure 2 is a cross-sectional view taken along line 2-2 of Fig. 1 showing a first 
embodiment of the invention; 

[001 6] Figure 3 is a cross-sectional view similar to Fig. 2 showing a second embodiment 
of the invention; 

[001 7] Figure 4 is a cross-sectional view showing a third embodiment of the invention; 

[001 8] Figure 5 is a cross-sectional view showing a fourth embodiment of the invention; 
and 

[001 9] Figure 6 is a perspective cut-away view of a tuned mass damper module. 

Detailed Description 

[0020] Figure 1 is an exploded, isometric view of a disc brake apparatus indicated 
generally by the reference numeral 1 1 . The disc brake apparatus 1 1 includes a 
rotatable rotor 1 3 that rotates with the axle of a wheel to be braked. The disc brake 
apparatus 1 1 also includes two braking components 1 5. Each braking component 1 5 
comprises a backplate 17, preferably made of steel, and a brake pad 19 mounted on 
the rotor side of the backplate. 

[0021] 

The two backplates 1 7 are suspended in a conventional caliper mounting structure 
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(not shown) by, for example, rods that extend through openings 21 in the upper 
corners of the backplates 1 7. Such a caliper mounting permits the backplates to move 
axially on the support rods. 

[0022] The plates are moved inwardly toward one another under forces supplied by a 

hydraulically actuated piston 23 and the related caliper fingers 24. When the piston 23 
and fingers 24 press the backplates inwardly, the inner surfaces of the brake pads 19 
are engaged in frictional, braking contact with the rotor 1 3. 

[0023] A relatively high pitched and undesired brake squeal noise can be produced 

during such braking contact. The brake squeal noise is of a relatively high frequency, 
and is produced by vibration of the braking component 1 5 during braking actuation. 
The present invention is primarily intended to minimize or eliminate vibrations in the 
frequency range of approximately 1 .4-1 6 kHz. 

[0024] In order to reduce and/or eliminate the undesired brake squeal noise, holes 26 are 
formed in the backplates 1 7 and are used to mount tuned mass dampers 28. 
Preferably, at least one hole 26 and associated tuned mass damper 28 is provided on 
each of the backplates 1 7. The following descriptions will deal with a single hole 26 
and tuned mass damper 28, but it is to be understood that any number of holes and 
tuned mass dampers may be provided as necessary to achieve the desired amount of 
vibration and noise reduction. 

[0025] The hole 26 and tuned mass damper 28 are preferably located at or near the anti- 
node point of the operational deflection shape of the backplate 17. The operational 
deflection shape is the shape assumed by the backplate 1 7 as it deforms from its 
generally flat, non-excited condition due to the vibrations it experiences under 
normal operational conditions. The points and/or areas of maximum displacement 
from the at-rest condition are known as anti-nodes. The holes 26 may be located 
such that they are partially or completely covered by the brake pads 1 9 when the pads 
are mounted to the backplates 1 7. 



[0026] 



In a first embodiment of the invention shown in Fig. 2, the hole 26 is blind, with a 
thinned section of the backplate 1 7 forming a bottom 30 of the hole. The hole 26 may 
be formed by any appropriate manufacturing method. The tuned mass damper 28 
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comprises a vibration damping mass 32 in the form of a small block of material such 
as steel and is attached directly to the hole bottom 30 by any appropriate method 
such as adhesive, heat or friction welding, etc. The hole bottom 30 serves as a spring 
member, deflecting when the backplate 1 7 is subjected to vibration so that the 
vibration damping mass 32 oscillates relative to the component. The mechanical 
properties of the tuned mass damper 28 are such that the most common and/or most 
undesirable vibration frequencies experienced by the backplate 1 7 excite the tuned 
mass damper, causing it to cancel all or part of the undesirable vibration. 

[0027] According to a second embodiment of the invention shown in Fig. 3, the vibration 
damping mass 1 32 is attached to the hole bottom 30 by an elastic beam 1 34. In this 
embodiment, the hole bottom 30 may be thin enough such that the beam 1 34 and the 
hole bottom 30 together serve as a spring member permitting the vibration damping 
mass 1 32 to oscillate relative to the backplate 1 7 to cancel the unwanted vibrations. 
Alternatively, the hole bottom 30 may be so thick relative to the thickness of the beam 
1 34 that the bottom 30 does not contribute significantly to the spring constant of the 
vibration mass damper. 

[0028] According to a third embodiment of the invention shown in Fig. 4, the vibration 
damping mass 232 is attached to an inner surface of the hole 26 by a beam 234. In 
this embodiment, the beam 234 serves as a spring member permitting the vibration 
damping mass 232 to oscillate relative to the backplate 1 7 to cancel the unwanted 
vibrations. The hole 26 may be blind, as shown in Fig. 4, or it may be a through hole. 

[0029] According to a fourth embodiment of the invention shown in Figs. 5 and 6, the 
tuned mass damper takes the form of a separate module 336 that fits into a hole 26 
formed in the backplate 1 7. The hole 26 may be blind or it may be a through hole. 
The module 336 is preferably generally cylindrical (but may be of any shape as long as 
it fits securely inside of the hole) and comprises a casing 338 preferably formed from 
thin steel. The casing 338 may be completely enclosed or may have one or both ends 
open and is press fit into the hole 26 so that there is firm contact between the inner 
surface of the hole 26 and the outer surface of the casing 338. 

[0030] An e | ast j C beam 334 is attached to an inner surface of the casing 338, either to 
one of the ends as shown or to the curved side portion. A vibration damping mass 
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332 is attached to the beam 334, and the beam serves as a spring member permitting 
the vibration damping mass 332 to oscillate relative to the backplate 1 7 to cancel the 
unwanted vibrations. 

[0031] Testing has shown that a tuned mass damper according to the present invention 
with a vibration damping mass having a mass in the range of approximately 2-10 
grams is effective to eliminate undesirable braking-related vibrations in the range of 
1.4-16 kHz. 

[0032] The absolute and relative dimensions of the backplates 1 7, holes 26, vibration 

damping masses 32,1 32,232, 332, beams 34,1 34,234,334, and other components of 
the invention shown in the drawings are for illustrative purposes only, and are not 
necessarily accurate depictions of the components as they would be employed in a 
braking system. In a braking system application, such dimensions are established as 
necessary to tune the vibration characteristics of the overall brake system and 
eliminate or minimize unwanted noise. 

[0033] While the best modes for carrying out the invention has been described in detail, 
those familiar with the art to which this invention relates will recognize various 
alternative designs and embodiments for practicing the invention within the scope of 
the appended claims. 
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